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AbstHhct
ThepeZHgene,encoding化rredoxin-NADP＋oxidoreductase(f｡NR),wasisolatedfTom
thethennophiliccyanobacteriumSWzec/zococc川どん"gα川ThepeZHgeneproduct
consistedof3S6aminoacids,andcontainedtheuniquedomainincyanobacterialFNR
attheN-termnalregion，whichshowedsequencesinlilaritytoCpcD-phycobilisome
linkerpolypeptide・ThededucedInolecularmassofpe班genewasapproximately鴨
kDa．Ｓ・eJo"gα伽FNRproteinwaspurifiedhornogeneｏｕｓｌｙｉｎａｆｂｒｍｏｆ４ＳｋＤａ
ｒｅｔａｉｎｉｎｇＣｐcD-likedomainusingproteaseinhibitors，ａｎｄｔｈｅａｃｔｉｖｉｔｙｏｆ形ＮＲｏｆ４Ｓ
ｋＤａｆｂｒｌｎｗａｓｎｅａｒｌｙｉｄｅｎｔｉｃａｌｔｏｔｈａｔｏｆｔｈｅ３４ｋＤａｆｏｒｍ．Ｓ、ｅＪＭｇａｒ"sFNRwas
toleranttoproteolyticcleavagewhenFNRwasassociatedwithphycobiliproteins、８．
eル昭α『川FNRwasalsopurifledinthefbmassociatingwithphycocyaninbyrepetitive
ion-exchangechromatography・
ＴｈｅｐｅｔＨｇｅｎｅｏｆＳ､CJC"gα伽wasexpressedinESc/ze7Iic/zjacoJjThecatalyically
activeandMl-1engtMbrmofS.ｅ/o"gα伽房ＮＲＷasexpressedinthebacterialcells、
ThepeZHgenewasmodifiedtotruncatefirstS9aminoacids,correspondingtoCpcD-
likedonlain,ａｎｄtransfomledtothebacterialcells､FNRwithoutCpcD-1ilKedoInainwas
expressedintheactivefbImｳandhomogeneouslypurified
ThreefｂｒｍｓｏｆＳ・どﾉo"gα伽ＦＮＲ,Ｐ；ＮRretainingCpcD-1ikedomain,房NRlacking
CpcD-1ikedomainandFNRassociatingwithphycocyanin，werepurifiedfromS・
ejo"gα伽，andmayreflectthevarietyoflocalizationandfunctionofcyanobacterial
nJRinvivo．
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Intmduction
Ferredoxin-NADP＋oxidoreductase(INR,ＥＣ１．１８１２）ｉｓａｎｅｎｚｙｍｅｃｏｎｔａｉｎｉｎｇａｎ
ＦＡＤａｓａｎｅlectron-transfercomponentandcatalyzeselectrontrans化ｒｂｅｔｗｅｅｎ
化rredoxinandNADP+/ＮＡＤＰＨ､ThematureFNRproteins,purifiedandcharacterized
fromhigherplants，showtllemolecularmassesiｎａｒａｎｇｅｏｆ３３ｋＤａｔｏ３６ｋＤａ、
CyanobacterialT｡NRproteins,havingthemolecularmassesinarangeof31､S-36kDa，
areremarkablyhomologoustohigheｒｐｌａｎｔＦＮＲｓｗｉｔｈＦＡＤ－ａｎｄＮＡＤＰ十．
Inspiteoftllesimilarityinstructuralandbiochemical化aturesoftlleseFNRs，
threecyanobacterialpeZHgenes（SIWzec/Zococ伽PCC700Z，Ａ"α肱川〃jα伽S
PCC7119,ａｙ"ec/zoC)MsPCC6SOS)encodeaproteinbeingcomposedofthreedomains
withamolecularmassoｆａｂｏｕｔ燗ｋＤａ、Ｔｈｅfirst，N-tenninaldomainisuniquein
cyanobacteriaandsinlilartothe9-kDaphycocyanin-associatedlinkerpolypeptide
CpcD・TheN-teHninaldomainofcyanobacterialFNRisconsideredtofimctionas
anchorofFNRontophycobilisorneThetwodomainsofC-terrninalsidecorresponｄｔｏ
ｔｈｅＰＡＤ－ａｎｄＮＡＤＰ－ｂｉｎｄｉｎｇｄｏｍａinsofhigherplantFNRproteinlthasbeen
reportedthatmanycyanobacteIialphycobilisomescontainsubstoichiometricamountof
polypeptidewithmassesofapproximately4S-SOkDa(Yamanakaeta1.1ＷＳ,Tandeau
deMarsacandCohen-Bazirel9W).However,itisremainedtobeexplicitwhetheｒｔｌｌｅ
ＦＮＲｗｉｔｈＣｐｃＤ－１ｉｋｅｄｏｍａｉｎｉｓａdominantfbnninlivingcells，andwhether
cyanobacterialINRisproteolyticallycleavedwhenreleasedfromphycobilisome
duringthepurification
IreportinthisthesisthecloningandsequencingofpeZHgenefTomathennophilic
cyanobacterium,Ｓ)'"ｃｃ/zococ伽ｅﾉolzg伽,andthepurificationofSeルノ０９α伽]FNR
proteinasthe4SkDafbrlnretainedCpcD-likedomain・形NRassociatmgwith
phycobilisomewasalsopurifiedfiDnlS.ｅﾉ､/zga川s・ThestateofcyanobacteIial】FNRm
Wyoisalsodiscussedinthisthesis．
ResultsandDiscussion
ThepeZHgene，encodingfCrredoxin-NADP＋oxidoreductase（序ＮＲ)，wasisolated
fromthetllermophiliccyanobacteriumSjj"ｃｃ/zococ川ｅ/o昭α伽．ThepeZHgene
productconsistedof386alninoacids，andcontainedtheuniquedolnainin
cyanobacterial１ｺNRattheN-ternmnalregion，whichshowedsequencesimilalityto
CpcD-phycobilisomelinkerpolypeptide､TwodomainsatC-terminuscorrespoｎｄｔｏｔｈｅ
ＦＡＤ－ａｎｄＮＡＤＰｂｉｎｄｉｎｇｄｏｍａinsofhigherplaｎｔｆ｡NRprotein,whichcomposedthe
catalyticdomainsoftheenzyme
TheregionsconnectingtheCpcD-1ikeClomainwiththeC-teminaldomainsofS・
eJD昭αr川ＦＮＲｓｈｏｗｅｄ化amrestypicalfbr1PESTisite,whichwastheputativetarget
sitefbrproteolyticcleavagesofproteins・TheseresultssuggestedtllatCpcD-like
domainofS、ｅＪｍｇａｍｓＦＮＲｗａｓｃｏｎｎｅｃｔｅｄｂｙａｈingeregionwiththecatalytic
ClomainsattlleC-terlninus,andtllattheregionconnectingCpcＤ－１ｉｋｅｄｏｍａｉｎａｎｄＦＡＤ‐
bindingdomainofS・どん"gα〃３１.NRwassensitivetoproteolyticcleavage、
８．ｅＪｍｇａｒ川FNRprotelnwaspuli通edhomogeneouslyinafbrmof4SkDa
retainingCpcD-likedomainusingproteaseinhibitors(Fig.1),andtheactivityof]FNR
of4SkDafbrmwasnearlyidenticaltothatofthe34kDafbnn８．２J､"gα伽1.NRwas
toleranttoproteolyticcleavagewhennJRwasassociatedwithphycobiliproteins、But
whenINRwasseparatedfromphycobiliproteinsintheabsenceofproteaseinllibitors，
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Figumel：PurificationofS・eJo"gα〃sFNRwithproteaseinhibitorsSamplecorresponding5mgprotein
inlane2-4and5mUDCPIPactivityinlane６，７wasloaded・ThegelwasstainedwithCoomassie
brilliantblueR-250Lanel:marker,Ｌａｎｅ２:crudeextract,Ｌａｎｅ３:30-40％ammoniumsulfatefiaction，
Lane4:DEAE-cellulosechromatography,Ｌａｎｅ５:TOYOPEARLHW50SgeMI1trationchromatogIaphy，
Lane6:hydroxyapatitechromatogmphy,Ｌａｎｅ７:Superosel2gelfiltrationchromatography．
PNRwasproteolyicallycleavedbetweenCpcD-likedoInainandFAD-bindingdoInain
toproduceafbmofFＮＲｗｉｔｈ３４ｋＤａ・TheapparentmolecularmassofS・elongatusI｡ＮＲｏｎＳＤＳ－ＰＡＧＥｗａｓ４ＳｋＤａｉｎ
ｔｌｌｅｆｒａctionpurifiedbysaltingoutandDEAE-cellulosechromatography・Ontlleother
lianCLtheapparentmolecularmassofS.ｅ/o"gα伽1コNRonTOYOPEARLHWSOSgel
filtrationchroInatographywasca､７glKDa・ToremovephycobiliproteinsfromI｡NR
fractions,ThefractionshowingDCPIPreductionactivitywascollected,andsuhjected
tomonoQcllromatography､ThemolecularmassofINRonSDS-PAGEwas4SkDain
asamplepurifiedbyrepetitivelnonoQchromatography,indicatingthatINRretained
CpcD-1ikedomainPolypeptitdeswithmolecularnlassofca,ＺＯ１ＫＤａａｎｄｌ６ｋＤａｏｎ
ＳＤＳ－ＰＡＧＥｗａｓａlsoobservedinthefmction､Thesepolypeptidewereconsideredtobe
subunitsofphycocyaninbecausethefmctionshowedabsorptiollmaxiInumat61SnI､，
typicalfbrphycoCyaninfromphylogeneticallydiversecyanobactelialstrains・These
resultssuggestthatS・CJC昭α〃ｓ1.ＮＲｏｆ４ＳｋＤａｆｂｍｉｓａｓｓｏｃｉａｔｅｄｗｉｔｈｐｈycobcyanin
viaCpcD-1ikedomain,evenaftertlledisassenlblyofphycobilisome・
ＴｈｅｐｅＺＨｇｅｎｅｏｆＳ．ｅ/､"gａ伽wasexpressedinEFc/Ze7ic/ＺｊａｃｏＪｊ・The
catalyicallyactiveandMl-lｅｎｇｔｈｆｂｌｍｏｆＳ・eJo"gα伽FNRwasexpressedinthe
bacterialcells・But,ＩＮＲｗａｓｃｌｅａｖｅｄａｔｔｈｅｒｅｇｉｏｎｂｅｔｗｅｅnCpcD-1ikedomainand
FAD-bindingdomaindulinganion-exchangechromatographyandproduceafbnnｗｉｔｈ
３４ｋＤａ,nearlyidenticalwiththatofthefbnncleavedduringthepurificationfroInS・
eJo咽α〃３.ThepeZHgene,ｍｏｄｉＨｅｄｔｏｔｒｕｎｃａｔｅｆｉｒｓｔ８９ａｍｉｎｏａciClsco1Tespondingto
CpcD-likedomain,wasalsotransfbmedtothebacterialcells､FNRwithoutCpcD-1ike
dolnainwasexpressedintheactivefbm，ａｎｄｈｏmogeneouslypurified・Thespecific
activityofFNRwithoutCpcD-likedoInainwashigherthanｔｈａｔｏｆ形NRretaining
Cp9f1Il蟹f:二}''二i二ＩＭＤ"g川肌FNMainingCpcDlMomain川Rlacking
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CpcD-likedomainandFNRassociatingwithphycocyaninwerepurifIeｄｆＴｏｍＳ・
eJo"g伽,andmayreHecttllevarietyoflocalizationandfUnctionofcyanobacteｌｉａｌｒＮＲ
１ｎｖ１ｖｏ．
学位論文審査結果の要旨
これまでに数種のcyanobacteiaからpeWgeneが単離され，その産物の性質が明らかにされてきた。すな
わちpMYgene産物は，３つのdomains(CpcD-Iikedomainと２つのcatalyticdomains)からなる４５kDaの酵
素（ferredoxin-NADP＋oxidoreductase）で，光化学系Ｉから供給される電子を（erredoxinを介して受け取
り,ＮADP＋に伝達する機能を持つ。しかしこれまで実際に精製されてた酵素タンパク質は予想されるものよ
り小さく，CpcD-likedomainを失った,大きさ（34kDa）のものであった。
本論文では，好熱性cyanobactel5ium，Ｓ〃echocaccuse〃"9日("sから新たにｐｅｔ〃ｇｅｎｅを単離し，塩基配
列を決定し，さらに内在性の蛋白質分解酵素の作用を押さえるため，阻害剤共存下で本来の４５kDaの酵素，
CpcD-likedomainを失ったtruncated酵素およびcyanobacteria特有のphycobiliproteinsと結合した蛋白
質分解酵素によって分解されにくい酵素複合体の３種の精製に成功したことを報告した。また，４５kDaおよ
び３４kDa酵素の大腸菌による大量発現系の構築とcyanobacteriumの細胞中では４５kDaの酵素が
phycobilisomeに結合した状態で機能するとの結論を導き出した。
今後の研究に発展が期待されるが，cyanobacteriaにおけるｐＭＹｇｅｎｅの新たな知見を得たことは重要で
ある。よって本論文は博士（理学）を授与するに値すると判断した。
－１５１－
